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SUMMARY 
NASTRAN w a s  used t o  f ind  the  buckling loca t ion  and the  degradation f a c t o r  
due t o  a spec i f i ed  temperature f i e l d  f o r  an i n t e r s t a g e  of a t y p i c a l  t h r e e  s t age  
m i s s i l e .  The model w a s  made up of 6332 independent degrees of freedom. This 
l a r g e  s i z e  required the  use of an IBM 370/195 f o r  evaluation of t he  eigen- 
values.  
load by 3%. 
The e f f e c t  of elevated temperature w a s  t o  lower t h e  c r i t i c a l  buckling 
INTRODUCTION 
A t h r e e  dimensional buckling ana lys i s ,  with and without temperature gradi-  
e n t s ,  w a s  performed on t h e  a f t  s k i r t  of a t y p i c a l  t h ree  s t age  m i s s i l e  using an 
IBM 370/195 computer and t h e  NASTRAN computer program. 
OBJECTIVE 
S t a t i c  s t r u c t u r a l  tests w e r e  performed on t h e  a f t  s k i r t ,  a t  ambient t e m -  
perature. The NASTRAN ana lys i s  w a s  performed t o  provide a temperature degrada- 
t i o n  f a c t o r  f o r  use wi th  t h e  f a i l u r e  loads from t h e  s t r u c t u r a l  test  program and 
t o  demonstrate adequacy of t h e  second s t age  a f t  s k i r t  when subjected t o  load- 
ing ,  including e f f e c t s  of temperature gradients.  The ana lys i s  w a s  t o  provide 
t h e  following information f o r  determination of t h e  degradation f ac to r .  
The c r i t i c a l  buckling f a i l u r e  load f a c t o r  f o r  t h e  a f t  s k i r t  a t  ambi- 
en t  temperature. 
The c r i t i ca l  buckling f a i l u r e  load f a c t o r  f o r  t he  a f t  s k i r t  having 
r a d i a l ,  c i rcumferent ia l ,  and longi tudina l  thermal grad ien ts  computed f o r  
s p e c i f i c  conditions. 
The buckling mode. 
The c r i t i c a l  buckling loca t ion .  
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MODELING 
Basic Grid 
The model used f o r  t h i s  ana lys i s  w a s  designed t o  account f o r  t h e  load 
peaking caused by cu touts ,  and the  e f f e c t s  of doublers and o ther  s t i f f e n i n g  
members, as w e l l  as thermal e f f e c t s .  To minimize t h e  s i z e  of t h e  problems, t h e  
bas ic  model w a s  designed as a 180 degree sec t ion  (from 210" through 360" t o  
30') of an axisymmetric s h e l l ,  using f l a t  q u a d r i l a t e r a l  p l a t e  elements. 
b a s i c  model, as shown i n  Figure 1, included t h e  following s t r u c t u r a l  components: 
The 
An a f t  segment of a second s t a g e  chamber ( t o t a l  segment length = 
1.02 m (39 .7  inches)) including a por t ion  of the  chamber and t h e  a f t  s k i r t .  
The a f t  c losure  w a s  included from t h e  a f t  Y-joint p a r t  way back. 
To achieve r e s u l t s  accura te  t o  5% o r  better '  t he  bas i c  g r i d  w a s  divided 
i n t o  elements approximately square; 5 degrees wide by approximately 0 .063  m 
(2.5 in . )  long. 
(1, 2 ,  3 ,  e t c . ) ,  with odd numbers f o r  t h e  in t e r s t age ,  s k i r t  f l a r e ,  and chamber 
w a l l ,  and even numbers (2 through 10) f o r  t he  a f t  closure.  Each b a s i c  g r id  
nodal po in t  w a s  then i d e n t i f i e d  by a f ive -d ig i t  number, (e.g. ZlOlS), beginning 
with th ree  d i g i t s  f o r  t he  azimuth (e.g. 210") and ending with a two-digit num- 
ber  f o r  t he  c i rcumferent ia l  l i n e  (e.g. 15) on which t h e  point l ies .  
Each c i rcumferent ia l  g r i d  l i n e  w a s  assigned a reference number 
To b e t t e r  represent  t h e  s t i f f n e s s  of t he  Y-joint, t he  a f t  s k i r t  and clo- 
sure  elements w e r e  joined a t  re ference  l i n e  23,  as shown i n  Figure 2 ,  and a 
r a d i a l l y  or ien ted  element was connected between re ference  l i n e  10 on the  a f t  
c losure  and an added l i n e  12 on t h e  s k i r t ,  a t  the  Y-joint crotch.  Representa- 
t i on  of t he  a f t  chamber g i r t h  weld area i s  shown i n  Figure 3 .  
Fina l  Grid 
Modifications w e r e  made t o  t h e  b a s i c  model t o  obta in  t h e  f i n a l  model which 
includes : 
A l l  s k i r t  cu touts  with doublers and debr i s  de f l ec to r s .  
Raceway on chamber s k i r t  and b a r r e l .  
Disconnect bracket.  
1-2 i n t e r s t a g e  attachment r ing .  
1-2 i n t e r s t a g e  raceway cutout. 
1-2 i n t e r s t a g e  ordnance po r t s  and doors. 
1-2 i n t e r s t a g e  long i tud ina l  ordnance ( sp l i ce )  j o i n t s .  
To model i n  openings, doublers, b racke ts ,  etc., a l o c a l  network of nodal 
po in ts  w a s  es tab l i shed ,  forming a p a t t e r n  of q u a d r i l a t e r a l  and t r i angu la r  ele- 
ments encompassing the  shapes of a l l  the  l aye r s  of material t o  be included. 
Wherever two o r  more l a y e r s  of material w e r e  involved, a separa te  set of ele- 
ments w a s  c rea ted  f o r  each l a y e r  and the  appropr ia te  material p rope r t i e s  w e r e  
assigned t o  each set of elements. This p r a c t i c e  r e s u l t s  i n  mul t ip l e  elements 
occupying t h e  s a m e  space, s ince  overlying elements are formed by connecting t h e  
same g r i d  poin ts ,  which are a l l  defined a t  t h e  mean rad ius  of t h e  s k i r t  o r  
i n t e r s t a g e  sk ins .  
ments and nodal po in t s  w e r e  es tab l i shed  a t  loca t ions  where these  components 
were attached t o  t h e  s k i r d i n t e r s t a g e  s t ruc tu re .  
Figure 4. 
Some s t r u c t u r a l  components w e r e  modeled as simple beam ele- 
This model is  shown i n  
Temperatures 
Buckling ana lys i s  runs w e r e  made f o r  both "room temperature" (80°F) and 
f o r  an e leva ted  temperature. Since the  temperatures w e r e  uniform circumferen- 
t i a l l y  except near  t he  raceway and t h e  long i tud ina l  s p l i c e s ,  i t  w a s  assumed 
t h a t  d i s t r i b u t i o n  could be extended c i rcumferent ia l ly  p a s t  360" t o  the  30" 
azimuth. 
For the  motor a f t  chamber and s k i r t  temperatures, a three-dimensional hea t  
t r a n s f e r  ana lys i s  w a s  performed using the  TRW SINDA (Systems Improved Numerical 
Differencing Analyzer) computer program. 
PROCEDURE 
Bandwidth Reduction 
The t i m e  required t o  decompose a matrix i n  NASTRAN i s  propor t iona l  t o  the  
square of t h e  bandwidth and the  f i r s t  power of t h e  s i z e  of t h e  matrix. To 
reduce running t i m e  t o  an acceptable level, t h e  d a t a  deck f o r  NASTRAN w a s  pro- 
cessed by BANDIT. 
Research and Development Center t o  minimize bandwidth f o r  NASTRAN. 
of running BANDIT reduced the  bandwidth by almost an order of magnitude. 
required 10  minutes of computer t i m e  on a UNIVAC 1108. 
BANDIT is a computer program w r i t t e n  by t h e  Naval Ship 
The r e s u l t s  
This 
Ambient Temperature Run 
The f i r s t  NASTRAN run, a t  a uniform temperature of 80°F, w a s  evaluated by 
l e v e l  L11.1.4 on an IBM 370/195. 
104 minutes. 
summary. 
It required 800,000 bytes  of core and r an  f o r  
Table 1 shows t h e  timing information taken from t h e  NASTRAN 
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Elevated Temperature Condition Run 
The second NASTRAN run w a s  similar t o  the  f i r s t .  The major d i f f e rence  w a s  
the  use of temperature data. 
Subsection Elevated Temperature 
Resul t s  of t he  elevated temperature condition run produced a mode of f a i l -  
u re  i n  t h e  b a r r e l  ins tead  of t h e  s k i r t .  To obta in  the  mode f o r  t h e  s k i r t  a 
small s ec t ion  of t he  model w a s  s e l ec t ed  f o r  f u r t h e r  ana lys i s .  
Thesubsectionwas evaluated on t h e  Univac 1108 and CDC 6600 computers 
using l e v e l s  12.1 and CDC NASTRAN. 
run) were input as boundary conditions t o  the  Univac 1108 computer vers ion  of 
NASTRAN. This  vers ion  w a s  used t o  c a l c u l a t e  t h e  equivalent load vec tor  based 
on t h e  input  de f l ec t ions .  
f i nd  the  next  mode of f a i l u r e  using t h e  loads ca lcu la ted  from t h e  Univac run. 
Table 1 a l s o  has t h e  timing da ta  f o r  t h i s  analysis ( R u n  3). 
Deflections from Run 2 (elevated temperature 
The CDC 6600 version of NASTRAN w a s  then used t o  
RESULTS 
The r e s u l t s  of t he  f i r s t  run (room temperature) gave a minimum eigenvalue 
of 1.340, f o r  buckling i n  the  b a r r e l  a t  the  forward end of t h e  model as shown 
by Figure 5. Even though the  lowest mode w a s  found, i t  w a s  no t  t h e  mode of 
f a i l u r e  which w a s  expected based on test data. Indeed, i t  w a s  a mode which w a s  
due t o  t h e  modeling technique and t h e  way the  load w a s  applied. 
uncommon i n  buckling problems of t h i s  s i z e  t o  f ind  modes of f a i l u r e  o the r  than 
those des i red ,  This model has 6500 modes of f a i l u r e :  What is important is  the  
f a c t  t h a t  t h e  lowest mode w a s  found, and experience has  shown t h a t  t h e  modes 
w i l l  be packed together i n  a band. 
mode of f a i l u r e  has an eigenvalue very c lose  t o  1.340. 
It i s  not 
Therefore i t  i s  expected t h a t  t h e  des i red  
The second loading case ( c r i t e r i a  condition temperatures) w a s  run i n  a 
much s h o r t e r  t i m e  by s t a r t i n g  t h e  eigenvalue search a t  a value of (1.3). 
r e s u l t  w a s  1.302 and gave t h e  same mode of f a i l u r e  as loading case one. 
The 
Since t h e  expected mode of f a i l u r e  had not been found and the  approximate 
loca t ion  of t h i s  des i red  mode w a s  known, i t  w a s  decided t~ run a subsection of 
t h e  model t o  f i n d  t h e  next mode of f a i l u r e .  Table 2 l ists  the  dimensional da ta  
t o  descr ibe  t h e  submodel. 
from t h e  r e s u l t s  of t h e  second run, evaluated by using both the  UNIVAC 1108 and 
CDC 6600 computer. 
mode shape. Figure 6 i n d i c a t e s  t h i s  mode of f a i l u r e .  The buckling occurred a t  
250 degrees i n  an area near  t h e  dwnpline port. 
Loading w a s  accomplished by taking displacements 
This submodel gave an eigenvalue of 1.304 and the  c o r r e c t  
Based on t h i s  da t a  t h e  e f f e c t  of temperature i s  t o  lower t h e  buckling 
capacity of t h e  s t r u c t u r e  by a f a c t o r  of - '0302 - 0.972. 1.340 
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CONCLUSIONS 
The r e s u l t s  of t h i s  computer study s u b s t a n t i a t e  t h e  a b i l i t y  of t h e  a f t  
s k i r t  t o  withstand t h e  e leva ted  temperature condition loads wi th  a p o s i t i v e  
margin of sa fe ty .  Elevated temperatures were found to degrade t h e  buckling 
capacity of t h e  a f t  s k i r t  by a f a c t o r  of 0.972. 
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TABLE 1 
NASTRAN TIMING DATA (MAJOR ROUTINES) 
SMAl 
SCEl 
RBMG 
FBS 
DSMG 
READ 
SDCg 
I T E U T  ION 
TOTALS 
Bandwidth 
I.D.F.* 
COST 
Run 1 (IBM 370/195) Run 3 (CDC 6600) 
CPU T i m e ,  Elapse Time, CPU Time ,  Elapse T i m e ,  
sec sec sec see 
276 
19 
317 
115 
101 
1395 
(277) 
(459) 
2406 
309 
6332 
$2640 (Total) 
343 
69 
441 
326 
1 2  9 
3932 
(373) 
(1718) 
6254 
2 23 263 
-- 7 
64 29 3 
14 33 
261 322 
187 1323 
(55) (78) 
851 2289 
125 
867 
$369 + Print ing Cost 
*Independent Degrees of Freedom 
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TABLE 2 
SMALL PANEL DATA 
I. MODEL DATA 
1. Elements 
B a r  
Quadr i la te ra l  Plates 
Triangular Plates 
2,  Grid Poin ts  
3. Bandwidth 
4 .  Degrees of Freedom 
11. RUNNING .TIME CDC 6600, 1650008 CORE 
1236 Central  Processor, sec 
2964 Input/Output, sec 
2587 Tota l  System, sec 
20 
98 
233 
228 
140 
1,110 
111. SOLUTION EIGENVALUE 
X = 1.303 
35 
MS 
466.6  n 
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-2 I NTER S T A G E  
M' S 
4 6 1 . 7  
F I G U R E  1 
M A J O R  C O M P O N E N T S  O F  B A S I C  M O D E L  
A N D  L O N G I T U D I N A L  R E F E R E N C E  P O I N T S  
MS 
485,l 
F I G U R E  2 
M O D E L I N G  O F  A F T  Y - J O I N T  
---- -3- --_-- --- 
. l o 4  .160 .160 .llO i 
A F T  E Q U A T O R  
F I G U R E  3 
M O D E L I N G  OF A F T  C H A M B E R  W E L D  A R E A  
FIGURE 4 
NASTRAN MODEL IN UNDEFORMED SHAPE 
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